Thirty-two culture collection strains of the thermophilic species of the genus Lactobacillus (Lactobacillus helveticus, L. jugurti, L. bulgaricus and L. lactis) and I 3 field strains from natural whey cheese cultures were examined by routine physiological and serological tests. Genetic relatedness was determined by DNA-DNA molecular hybridization.
I N T R O D U C T I O N
On the basis of morphological, physiological and biochemical characteristics, OrlaJensen (I 9 I 9) divided the genus Lactobacillus into three groups : Thermobacterium, Betabacterium and Streptobacterium. These groups were further subdivided into several species that are currently accepted (Breed, Murray & Smith, 1957; Rogosa & Sharpe, 1959; Sharpe, 1961 ; Hansen, 1968) . However, it is sometimes difficult to distinguish between lactobacilli on the basis of phenotypic characters, particularly field strains from a large diversity of habitats.
DNA-DNA hybridization may prove a useful method in classification and may reveal taxonomic differences which might otherwise be obscured by similar phenotypic characteristics. The genus Bzjidobacterium, for example, was shown to contain several unrelated groups by DNA-DNA hybridization even though the strains resembled each other in metabolic pathways, fermentation patterns, morphology and other characteristics (Scardovi et al. 1971) .
Recent studies by Miller, Sandine & Elliker (1971) and by Simonds, Hansen & Lakshmanan (1971) on the lactic acid bacteria showed that the extent of DNA hybridization, which reflects in part the similarity of the base sequences of the bacterial genome, is a useful technique in taxonomic studies of this group.
The present investigation deals with the extent of molecular hybridization between some thermophilic species of the genus Lactobacillus and some freshly isolated lactobacilli. Preparation of antisera. Lactobacillus helveticus NIRDHI and L. jugurti ATCC 521 were used to prepare group A antisera and L. bulgaricus NIRDBI and L. lactis NIRDLI were used to prepare group E antisera. The organisms were grown in 10 ml of MRS (De Man, Rogosa & Sharpe, 1960) medium at 37 "C for 18 h; the bacteria were collected by centrifuging, washed twice in 0.85% saline and suspended in 10 ml saline. Suspensions were heated at 60 "C for I h, diluted and used for a course of seven intravenous inoculations at 4-day intervals in rabbits. The antisera were tested for potency and specificity and then stored at 4 "C with 0.01 yo merthiolate.
Absorption of antisera. When antisera cross-reacted with extracts of strains from other groups the antisera were absorbed with the heterologous strains using I vol. of packed fresh cells and 4 vol. of serum. As noted by Sharpe (1955) , absorption weakened the potency of antisera so that unabsorbed antisera were used whenever possible.
Preparation of antigens. Bacteria, grown in 40 ml of MRS in which Yeastrel was replaced by tomato juice (I %, w/v), were collected by centrifuging and extracted with 2.0 ml of 0.05 N-HCl in saline in a boiling water-bath for 10 min. Extracts were neutralized, centrifuged and stored at 4 "C with 0-01 yo merthiolate.
Precipitin test. Extracts were layered on serum in small (2.7 mm) tubes and kept at room temperature. Ring formation, between serum and extract, was checked at intervals up to I h.
Growth of cultures and DNA preparation. Each strain was grown in 2 1 of MRS at 37 "C for 18 h.
Labelled DNA was obtained from bacteria in the stationary phase grown in MRS medium with added [14C]uracil and [14C]adenine (each 50 pCi/l).
The bacteria were collected by centrifuging, washed twice in saline and suspended in 0.15 M-NaCl with 0.1 M-EDTA (disodium ethylene diamine tetra acetate) (pH 8.0) and then stored at -25 "C.
Bacterial lysis was carried out by the addition of 40 mg of lysozyme to suspensions, followed by incubation at 37 "C for 16 h. Then 15 mg of pronase was added and incubation continued for a further 8 h; 2-5 ml of sodium lauryl sulphate was then added and the DNA extracted and purified by the method of Marmur (1961) .
All DNA preparations were stored at 4 "C in 0.1 x SSC (0.015 M-NaCI and 0.0015 Mtrisodium citrate at pH 7.0) over chloroform.
DNA immobilization. Native DNA at a concentration of about 80 pg/ml in 0.1 x SSC was alkali-denaturated (0.1 M-KOH final concentration for I 5 min) and neutralized with 2 wHC1 at room temperature.
The denaturated DNA was then diluted I : 10 with ice-cold 6 x SSC and filtered through 15 cm membrane filters (Sartorius SM I 1306) that had been presoaked for 12 h in 6 x SSC. The filters were washed with 200 ml of 6 x SSC, dried overnight in air at room temperature and then cut with a paper punch into smaller disks of 10.5 mm diam. which were dried in a vacuum oven at 80 "C for 2 h and stored at 4 "C. The concentration of DNA on each stored filter ranged from 30 to 50 mg as calculated from the extinction at 260 nm of the filtrate.
DNA molecular hybridization. An annealing temperature of 65 "C was selected for DNA molecular hybridization because the melting temperatures (T,) in I x SSC of all our strains ranged from 84-30 to 90.45 "C. Annealing temperatures of 25 "C below the T , have been found to minimize adventitious pairing of bases (Marmur & Doty, 1961) . The single point competition version under the conditions recommended by Johnson & Ordal (1968) was used. The filters, with DNA fixed to them, were preincubated for 4 to 6 h at 65 "C in the mixture of Denhardt (1966) CPM homologous -CPM heterologous competitor system CPM homologous -CPM homologous competitor system
Release of bound DNA from filters during incubation in Denhardt (1966) mixture was not taken into consideration because the temperature of incubation (65 "C) was in the range of validity of the filter method (De Ley & Tijtgat, 1970) and because the amount of DNA fixed in the absence of competitor was 20 to 30% of the input. 
Relations of Lactobacillus fact is and L. bulgaricus
The fermentation patterns, serological groups, moles yo GC and DNA homologies are given in Table 2 The strain NIRDLI2, which could be considered as Lactobacillus lactis by its fermentation pattern, showed an appreciable level of homology (46%) only with the reference strain ATCC I 1842 of L. bulgaricus. The results with this strain in the DNA hybridization support the differences found in other characteristics : it belongs to serological group A and has a low Their relationship to L. helveticus was, however, not assessed.
Lactobacillus bulgaricus ATCC I 2278 displays the fermentation pattern of the species L. bulgaricus but belongs to serological group A and its DNA base composition of 3 8 . 2 % GC is not in conformity with typical strains of this species (group E and % GC 50 to 51). Its very high homology level to L. helveticus (NIRDHI) and L. jugurti ( A T C C~I ) supports the opinion already expressed by Miller et al. (1971) that the strain should be reclassified.
Relations of Lactobacillus helveticus and L. jugurti
The results with these strains (Table 3) show that DNA preparations from all the strains behaved similarly although classified differently. The eight strains of L. helveticus and ten strains of L. jugurtiall had similar DNA base compositions (36 to 38 % GC) and belonged to serological group A (five strains of L. jugurti were not tested). The species differed in fermentation of maltose and fructose and to some extent trehalose ( Table 3) . The DNA of all 18 strains competed to the same high levels (85 to 102%) with DNA of the reference strains, L. helveticus (NIRDHI) and L. jugurti (ATCC 521). Low levels of homology (0 to 29 %)
were obtained between the DNA of L. lactis (ATCC I 1061) and L. bulgaricus (ATCC I 1842).
Yo GC (36%).

Relations of unnamed isolated thermophilic lactobacilli
The results with I 3 strains of thermophilic lactobacilli, isolated from natural whey cheese cultures, are summarized in Table 4 . In general the strains gave good agreement with each other in fermentation pattern, serological group and DNA base composition. 
